Abstract--A pilot-scale membrane bioreactor (MBR) was installed and operated for 75 days at laboratory. It was fed an influent directly from the hospital drainage collection system. To study pharmaceutics compounds toxicity with micropollutant concentrations ranging from low ng /L to mg/L, toward activated sludge. Lab scale experiments were conducted and microscopic techniques as confocal laser scanning microscopy (CLSM). Samples were observed using confocal scanning laser microscopy to characterize the extracellular polymeric substances of sludge (EPS content).
While in some countries (e.g., Japan, China, Greece) 1/3 wastewater from big hospitals is pre-treated or biologically treated on-site, in many other countries, including Switzerland, it is connected directly to a municipal sewer and treated at municipal wastewater treatment plants (WWTP). Treatment of the wastewater at the source has advantages of avoiding dilution due to mixing with the urban sewage and avoiding losses into the environment due to sewer leakage and combined sewer over flows. In the case of hospital wastewater, concerns are to avoid spread of (multiresistant or pathogenic) bacteria, viruses, and parasite eggs as well as to avoid input of pharmaceuticals, diagnostic agents, and disinfectants.
The membrane bioreactor (MBR) system can be regarded as an alternative way to achieve the design of compact wastewater treatment plants. The bioreactor which combines membrane system and biological treatment processes into a single unit, is designed to remove particulate, colloidal and dissolved substances from the solutions [3] . It is generally accepted that fouling reduces the performance of membrane. When the fouling occurs, a thick gel layer and cake layer are formed on and into the membrane, causing the permeate flux to decline and increasing the operating costs due to needs for cleaning or replacing the membrane. Fouling is usually attributed to a number of parameters, such as sludge particle deposition, adhesion of macromolecules such as extra cellular polymeric substances (EPS) and pore clogging by small molecules [4] , [5] . Soluble EPS (soluble macromolecule and colloid) can enter the membrane pores and then build up on the pore wall, leading to a reduction of total section area of membrane pore, causing pore plugging into membrane and eventually increasing the membrane resistance [6] . The nature of fouling are strongly influenced by biomass characteristics, operating conditions and membrane characteristics. The membrane performance can be monitored through a number of factors such as membrane fouling, EPS production, treated effluent quality, biomass characteristic and microbial activity [7] , [8] . These factors are dependent on hydraulic retention time (HRT), sludge retention time (SRT), organic loading rate (OLR), process configuration, membrane material and biomass concentration [3] , [9] .
According to previous studies, proteins and polysaccharides are the main EPS components of bacterial aggregates. They can be produced by the microorganisms or provided by the wastewater and have different functions in the aggregates. Some of them, having hydrolytic activity, can participate in organic matter removal and provide nutrients for bacterial growth. Since it was shown previously that confocal laser T International Conference on Biological, Civil and Environmental Engineering (BCEE-2014) March 17-18, 2014 Dubai (UAE) scanning microscopy (CLSM) is a suitable method for visualization of floc structure [10] , we combined CLSM with image analysis to provide a direct determination of floc volume and architecture. We applied this approach to characterize activated sludge flocs with average and poor settling properties.
The objective of this work was to provide data on the general performance and micropollutant elimination efficiency of an on-site biological wastewater treatment at hospitals. To meet this objective: (i) a pilot-scale MBR was installed to receive and treat wastewater originating in a Limoges hospital and was in continuous operation for 75 d; (ii) an efficient and representative sampling campaign was designed and employed to representatively collect influent and effluent samples from the MBR; and (iii) an HPLC-MS/MS analytical method was used to quantify the concentrations of approximately 52 target analyses including pharmaceuticals, human metabolites, and industrial chemicals. In addition, this work is to evaluate the influence the pharmaceuticals and their metabolites on the nutrient removal performances and on biomass in a membrane bioreactor system (MBRs).
II. MATERIALS AND METHODS

A. Study area
The hospital effluent (HE) samples used in this study were collected from the sewerage system which comprises only sewers from clinical activities of the hospital. Average characteristics of wastewater and activated sludge used as inoculums during the experiments are detailed in the table 1. 
B. Reactors and operating conditions
The reactor consisted of a membrane bioreactor with a working volume of 400 L and a membrane module in an external circulation loop. The membrane module was a Polypropylene and type of fibres cruses (MF) membrane with 1m2 of surface area and pore size of 0.2µm (ALTING, MICRODYN, France). A Ruston turbine (80-120 rpm) was installed to keep the bioreactor completely mixed. An identical lab-scale cross-flow MBR was run and inoculated with activated sludge from a municipal wastewater treatment plant (dry weight, 2.5 g/L). The influent was a hospital effluent (average flux 100 L/ day). The hydraulic retention time (HRT) was 22 h, temperature was 18-25 •C and pH was 7-8. The sludge retention time (SRT) was around 20 days. Treatment was operated in aerobic/anoxic conditions to allow nitrification and denitrification of the influent. Dissolved oxygen levels were maintained between 1 and 4.5mgO2/ L. The aeration cycle was automatic based on tow limits. Pressures were measured at the inlet (P1), outlet (P2), and permeate side of the membrane (P3) in order to determine the Trans-membrane pressure (TMP). At constant permeate flux, TMP indicates the extent of membrane fouling and it was calculated as follows: 
Condition of bioreactor operation
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C. Analytical methods
Wastewaters and sludge physic-chemical characteristic measurements were done every two day. Measurements of total and volatile suspended solids (TSS and VSS) were done according to the normalized method (AFNOR, NF T 90-105). Chemical Oxygen Demand (COD) was measured by the closed reflux colorimetric method (ISO 15705:2002) , and total nitrogen (TN) was assessed using the alkaline persulfate digestion with colorimetric reactive (Hatch company). The COD and TN were carried out on both total and soluble fraction (after samples filtrated at 1.2µm). Ionic species in solution were determined on samples filtrated at 0.22µm using ion chromatography (DIONEX 120) according to the standard method (AFNOR, NF EN ISO 10304-1). The used detector was conducted metric, and the analytical error was ±5%.
D. Confocal laser scanning microscopy and EPS staining
SYTO® 9 BacLight™ bacterial stains was used according to the manufacturer's instructions (Molecular Probes, Eugene, Oregon, USA). The kit provides a three colours fluorescence assay of bacterial relying on membrane integrity: viable bacteria are stained by SYTO® 9 and fluoresce green, while damaged bacteria are stained by propidium iodide and fluoresce red. Protocol established by [11] , [12] was performed: 1 mL of undiluted biomass suspension was mixed with 3µL of a mixture of equal parts of SYTO® 9 and propidium iodide. This short staining protocol allowed direct observation of the original floc structure and the time-lapse microscopy. Microscopic observations started 15 min after staining. Excitation maxima for SYTO® 9 and propidium iodide bound to DNA are 480 and 540 nm, respectively [13] . For the image series, a Zeiss LCM 710 NLO confocal microscope equipped with 488 and 532 nm laser diode was used with an HCX 5×0.5. The band width of the detected fluorescence wave lengths has been optimized to uniquely channel the maximum emission in sequential mode to avoid potential cross-talking (502-530 nm for SYTO® 9 and 600-630 nm for propidium iodide). Fluorescence emissions were recorded within 1 Airy disk confocal pinhole opening and 1024 × 1024 images at a 1.36mm (x,y) pixel size were obtained. Instead of selecting a constant step size in the vertical direction, the step size was determined by choosing start and end points in the z-direction of the flocs, and by then selecting a number of optical sections.
PS and PN staining was carried out according to the modified procedure of [14] . Bio samples were centrifuged to remove supernatant, washed twice with 1× phosphate-buffered saline (PBS) buffer (pH 7.2) and kept fully hydrated in 2 mL centrifuge tubes covered with aluminium foil. For PS staining, 100 μL of concanavalin A conjugated with tetramethylrhodamine (Con A, 250 mg L−1, Molecular Probes, and Carlsbad, CA, USA) was first dripped onto the sample and incubated for 30 min to stain α-mannopyranosyl and α glucopyranosyl sugar residues. For PN staining, 100 μL of sodium bicarbonate buffer (0.1 M) was introduced to the sample to maintain the amine groups in non-protonated form. Subsequently, 100 μL of fluorescein isothiocyanate solution (FITC, 1 g L−1, Fluka) was supplemented and incubated for 1 h to bind to proteins. Samples were washed tow times with 1× PBS buffer after each staining stage to remove loosely bound and excess dyes. Finally, sectioned granule or biofloc samples were mounted onto microscopic glass slides for observation of the distribution of PS and PN by a confocal laser scanning microscopy equipped with an Ar-He-Ne laser unit and three barrier filters. The image acquisition settings, such as laser intensity, numerical aperture, gain and offset settings were adjusted according to [15] and the levels were kept constant through observation. Samples were visualized with a ×10 objective and analyzed with the start LSM image browser confocal software.
E. Digital image analysis
Image analysis was performed with the freely available software Image J version 1.39i including the LSM-Reader plug in to open LSM5 formatted image stacks created by the microscope software. The tool Image J Analyzer 1.1, which is based on the performance of Image J and handles LSM5 formatted image stacks, was programmed for quantitative analysis. By setting a threshold, pixels with intensity below the threshold were assigned to the background. All other pixels were set to the foreground. Due to the individual image adjustment during the image stack acquisition, the threshold was chosen manually for each image stack. It has to be stressed that the pitfalls of threshold setting by the operator is well known [16] , [17] .
III. RESULTS AND DISCUSSION
A. The Process Performances
The total and soluble COD removal efficiency was always respectively greater than 87.9 % and 86.9. During start-up TSS and VSS concentrations in the MBR increased almost continuously (depending on our wastewater characteristics the increased was slowly and not very remarkable). Effluent solids concentrations were always very low (<0.0012 g/L) confirming the excellent solids removal of micro-filtration systems. The removal of TSS was 99.5 % obtained only by the filtration by membrane and that indicate to the perfect solids retention capacity of the membranes. By the way, more than 97% of the VSS influent was removed. Particular attention has to be paid to the nitrogen removal efficiencies. The total and soluble Nitrogen removal efficiency was always respectively greater than 91% and 90%. It is not worth to confirm that the denitrification potential of a wastewater is linked not only to the COD availability in the influent but also to its ready biodegradability The (Fig. 2) shows that after 12 days of exposure the hospital effluent induced a significant increase in the concentration of EPS in the "soluble" and "Total" phase then a decrease and stabilization after 45 days of operation. This result is supported by the observations made by confocal microcopy. This could be attributed to the response of plants to stress sludge toxic type for the presence of different compounds in the effluent hospital. Also, Reference [18] reported that a high COD/N ratio promotes the production of more EPS. In another wards, increasing concentration of COD mean decreasing concentration of N by comparison and low ratio the nitrification, and as result, increasing EPS production. 
B. EPS analysis with confocal laser scanning
EPS constituent localization within mixed microbial community Visualizations of flocs collected in the EMBR reactor after 2 and 45 days of exposure time to the HE are presented in Fig. (3) (C, D) , (G, H), (K, L). In general, through visual inspection, an increase in EPS constituents (PN, PS and AH) was observed, especially in the first days by comparison with the first image between 2 and 45 days of exposure. This finding according with our chemicals results in increasing concentration of EPS with the time from 15 until 45 days.
The increase of green and red signals fluorescence (A, E) it can be deduced that the polysaccharides and the proteins compounds increased and that according with the figures (B and F). The increase in EPS constitutes in the reactor could be due to a better way to protect the bacteria from the toxic effect of hospital effluents. This is corresponds with the increase of filamentous bacteria. 
C. Sludge morphology
Any changes in morphology of floc were observed during the first days of experience. However, after 20 day a significant decrease in the proportion of fragments of floc and increase of filaments was observed (Fig. 4) . These changes were consistent with the stabilization of the carbon (COD) of the effluent treated by the same reactor.
The hospital effluents are characterized by a high concentration of surfactant and pharmaceuticals [2] causing a decrease in the average size of flocs of activated sludge (Fig.5 ) [19] , [20] , [21] . The death of some bacteria and their hydrolysis can then weaken the structure of flocs. Therefore, the decrease in the concentration of floc fragments could be explained in several ways: by their leaching survives reactor, poor detection by image analysis, or re-aggregation in activated sludge. In addition, the wastewater quality directly impacts the morphology of flocs, as observed during the process of "bulking" [22] . The increase in the proportion of filament measured in sludge fed with hospital effluent clearly resembles this type of process. Poor settling properties (i.e. high SVI) and filamentous bacteria development were observed in the MBR associated to a release of polysaccharides and proteins in the supernatant. The table (4) showed the general distribution of floc particles in the reactor. (6) reveals that there is a increasing in bleu signal intensity during the time of experience and it is very significant. These modifications were attributed to a protection mechanism of the bacteria against toxic effluent [23] . In addition to decrease of live bacteria with increasing the time of contact although the toxics compounds in the hospital effluents. The elimination of pharmaceutical compounds can occur through various mechanisms in MBR and CAS. Sorption onto sludge is one of the mechanisms that take into account the absorption and adsorption factors. According to [27] , adsorption refers to the hydrophobic interactions of the aliphatic and aromatic groups of a compound with fats present in the sludge or with the lipophilic cell membrane of the microorganisms (depending on their Kow value), while adsorption refers to the electrostatic interactions of positively charged groups of dissolved chemicals with the negatively charged surfaces of the microorganisms (characterized by the dissociation constant pKa). Another mechanism responsible for the removal of pharmaceutical compounds in MBR is the physical retention by the membranes.
IV. CONCLUSION
This work evaluated performances of extern MBR, treating the effluents hospitalises operating over a little range of SRT (15 days) and studied the influence of pharmaceuticals compounds present in the effluents hospitalises on the physicochemical and properties of the activated sludge. The analyses performed on the supernatant and activated sludge bioreactors allow us to draw the following conclusions: 1. The MBR was able to achieve very good organic removal efficiencies. Deterioration of activated sludge effluent quality was especially observed after 20 days of experiment (filamentous bacteria, increase in protein and polysaccharide release). 2. Despite the low concentration studied, the toxicity of the pharmaceutical compounds on activated sludge altered the characteristics of the biological matrix. The presence of the pharmaceutical compounds stimulated the mechanisms of survival (higher production of EPS). 3. Simultaneously, confocal laser scanning observations and image analyses showed significant modifications of sludge morphology. (Higher production of soluble EPS). 4. The results obtained of dosage the compounds pharmaceuticals showed that the MBR presented high removal efficiencies for more of 10 different compounds.
Finally, this study shed new light on the efficacies of membrane bioreactors MBR in the treatment of effluents hospitalises containing pharmaceuticals compounds which, despite their low concentrations, modify the biological suspension behaviour. And shed new light on the subject which will be useful for further development and optimisation of MBR and these findings will need to be correlated to fouling tendency in further work. 
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